Growing popularity of buildings with integrated sub-systems, requires a review of 9 methods to optimize the preheat of ventilation air. An integrated system permits using geothermal 10 heat storage parallel to the direct outdoor air intake with additional treatment in the mechanical 11 room as a part of building automatic control system. Earth Air Heat Exchanger (EAHX) has many 12 advantages but also has many unanswered questions. Some of the drawbacks are: a possible entry 13 of radon gas, high humidity in the shoulder seasons as well as the need for two different air intake 14 sources with a choice that depends on the actual weather conditions. While in winter, the EAHX 15 may be used continuously to ensure thermal comfort, in other seasons, its operation must be 16 automatically controlled. To generate the missing information about the EAHX technology we have 17 examined two nearly identical EAHX systems, one placed in ground next to the building and the 18 other under the basement slab. In another project, we have reinforced the ground storage action by 19 heat exchanger placed on the return pipes of the hydronic heating system. Effectively, the 20 information provided in this paper, shows advantages of merging both these approaches while the 21 EAHX could be placed under the house or near the basement foundation that is using an exterior 22 basement insulation. 23 Keywords: earth-air heat exchanger; energy efficiency; using thermal mass; smart and integrated 24 control systems, thermal comfort 25 26 Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 A number of publications on this topic exist; some researchers [6, 10] looked at the average yearly 47 EAHX performance, others analyzed design of the EAHX to maximize their yearly performance 48 including the dynamic interactions between EAHX and the environment [11]. These works were 49 based on the laboratory work [12] or computer-fluid-dynamic calculations [13]. The literature 50 includes a review [14] of various designs and life-cycle analysis of EAHX [15].
Introduction

27
As the fraction of buildings with integrated heating/ cooling, solar and geothermal sub-systems 28 in the market steadily grows, the sub-system integration changes the economics of the traditional 29 solutions. In this paper, we are focused on pre-heating of the outdoor ventilation air and specifically 30 on the design and performance of the Earth-Air Heat Exchanger (EAHX). Recent information on the 31 optimal design with two different air intake sources [1] and automatic control systems [2], warrants 32 a broader review of EAHX technology.
33
Nevertheless, when a risk of radon gas exists, one may use a hydronic heating system and 34 preheat ventilation air in the heat exchanger on the return of heating water [3, 4] . Despite of several 35 papers on EAHX technology, not much is known about optimization of their field performance for 36 both summer and winter in cold climates. To fill the knowledge gap, this paper reviews a 37 demonstration project in Cracow, Poland, where two nearly identical EAHX systems were examined 38 and in Syracuse, NY, USA where an integrated hydronic and mechanical ventilation system was built.
39
In both cases the evaluation lasted for one year of occupancy. It is now a standard practice to heat or cool the fresh air between the point of intake and the 43 entry to the room with mechanical services [5] . This can be done with earth-air heat exchanger 44 (EAHX) [6, 7] . The use of earth for cooling air was already known in historic Greece and Persia [8, 9] , 45 yet, recently it became popular for a different reason, namely for the energy conservation.
Measurements of earth temperatures are performed in two ranges (a) -25°C to 0°C with precision of 66 ±0.3°C and (b) from 0°C to 40°C with precision of ±0.1°C. Relative humidity is measured in the range 67 10%-90% with precision of ±3%. Measurements are recorded every 5 minutes. One of these ground 68 heat exchangers is located under the building (EAHX 1) and the other outside the building (EAHX 2, 69 see the schematic shown in Figure 1 ).
70
The symbols used in this Figure 
89
was designed and built at the University, based on the study "Assumptions and requirements for the 90 measurement system; the architectural and construction design of the Malopolska Energy Efficient 3 of 12 Building Laboratory. The heat exchangers were 60 and 59 m long of 200 mm diameter PVC pipe was 92 either starting at a depth of 1.6 m with a downward 2% slope to a depth of 2.5 m or the opposite, 93 starting at the depth of 2.5 m and ascending to 1.6 m. Water drainage wells were installed in some 94 distance from the end.
95
Both air inlets are on the North side of the building. An exhaust for air is located on the roof. As where the vertical measurements of soil temperature were made. One may observe that both inlets 104 and outlets of these two EAHX are placed next to each other and that measurements of soil 105 temperatures will permit to see the effect of heat exchangers on the soil temperatures. 
133
The slab on ground has a total thickness 1020 mm and comprises of the following layers: 
169
As Figure 6 show the temperature profile in the soil surrounding the EAHX pipes, we realize 170 that there a multidirectional temperature field and a small but visible temperature change as a under the building has more uniform soil conditions that system 2 that is exposed to the exterior 190 climate.
191
In summer, there appears to be no difference in the temperature measured by both heat 
244
differences in construction of two tested heat exchangers were small, namely two 45 degree 245 connectors instead of two with 90 degree angles, ascending EAHX 1 versus descending EAHX 2, 246 however, the difference in performance between persisted through all seasons. As EAHX system 1
247
(located under the house) showed better performance than system 2, located outside the house one 248 may conclude that the main reason was use of 150 mm thick, high-performance thermal insulation.
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Looking at the variation of performance between different parallel segments of the EHAX 1 pipes
250
(under the house) one may also observe that they were located too close to each other.
251
Finally, one may observe that placing the EAHX under layer of thermal resistance of Rsi about 252 5 (m 2 k)/W or U-value 0.2 K/(m 2 K) is comparable with the effect of the deeper placement of the EAHX.
253
This is shown in Figure 11 
257
One can observe in Figure 11 that deeper placement of the EAHX slightly increases the thermal 258 lag and flattens the yearly temperature oscillation to the amplitude displayed by the EAHX 1, i.e.,
259
come closer to the optimal comfort conditions. 260
Discussion on the air preheat technology 261
If there is no soil gas (radon) an EAHX can be placed directly under insulated concrete slab place 262 on ground or in the basement floor. Figure 8 shows that in winter temperature of air coming from 263 the EAHX number 1 is significantly warmer than that from the EAHX number 2. Figures 10 and 11 264
show that the depth of 2 m or more is needed to fully benefit from EAHX placed in uninsulated 
280
In another NY demonstration project [3, 4] where no drainage was needed on three sides of 281 building that was located on a slope, the underground pipe was very short and the bulk of the pre-
282
heat was achieved on an interior heat exchanger built on the return pipe connectors from the hydronic 283 heating. This type of solution can also be used in retrofitting buildings without basement. In case of 284 water seepage through the basement wall, one must excavate soil next to the building to locate 285 exterior thermal insulation and drainage [19] and this facilitate either water or an earth-air heat 286 exchanger.
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Use of EAHX has an obvious appeal: they can reduce the energy needed for air conditioning.
288
Yet the EAHX requires a bypass taking air directly from the outside; to select the source of a fresh air 289 requires a control system. It could be based on differential temperature sensors with a motorized 290 valve to control the mixing of air coming from two sources. This valve should also have a manual 291 override. The other devices in the mechanical room are dehumidifier and dust particle removal, both 292 to improve air quality.
293 Figure 9 shows that during 6 months for EAHX 1 and 8 moths for EHAX 2 one needs both 294 heating and cooling. That indicates the need for switching between the two air sources. The power 295 available from the EAHX1 in Figure 9 is calculated per hour, it shows variability from 4 kW to zero,
296
while the fan operation took 75 W, so the control system must include two elements: (a) fraction of 297 time when fresh air is delivered, and (b) the mixing ratio between air delivered from the EAHX and 298 air delivered from the direct air intake. One must remember that the ventilation air is added to the 299 unplanned air flow (UAF or air infiltration ratio) an this means that in ideal case the UAF is 300 experimentally determined for specific building. 
307
On the advantage side of EAHX technology is the capability to increase the amount of ventilation 
315
Finally, there is another consideration with importance related to the size of the building, namely 316 the complexity of the ventilation system. While making a central mechanical ventilation with a 317 controlled supply and uncontrolled exhaust is easy for a small building, it is not easy for a multi-318 story residential building and may require use of neural network models [21].
320
Concluding remarks
321
With growing requirements on indoor air quality de-humidification and dust removal, with the 322 selection of air from different air intake sources (EAHX or direct outdoor supply) an advanced 323 control system becomes a part of the building design [22, 23] . If a building has a basement, 324 including the EAHX system is always beneficial, while the contribution of the EAHX system can 325 vary from taking 100 percent of the preheat to a small addition. The above paper assists in making 326 this decision.
327
As the modern hydronic heating system becomes the main means of thermal energy delivery, 328 increased role of air re-circulation in the indoor space integrates a modern, computerized system of 329 outdoor air delivery. Effectively, computer-based informatics has recently joined the building 330 science to respond jointly with to the need of holistic evaluation of building energy performance.
332
Author Contributions: 
